Introduction
In the last decade, there has been a great effort to innovate and improve the content and the teaching methodology of the calculus sequence at many universities in the US and abroad. The Mathematical Association of America has created a subcommittee on "Curriculum Renewal across the First Two Years" (project CRAFTY) [1] . The MAA has also published a summary of results from the NSF-sponsored project [2] and two reports which focus on determining the mathematical needs of partner disciplines [3] . Several new directions have emerged, and the most relevant ones can be grouped into three areas: Calculus re-sequencing [4] 
Motivation for the calculus redesign
At our engineering school, we have identified two main problems regarding calculus instruction. Currently, first-year students that begin with Calculus I require three semesters to complete the Calculus sequence. However, most standard degree schedules in the engineering school assume that Calculus is completed in only two semesters. These students often attend summer school in order to catch up, or they end up graduating later. Ultimately, they pay more for college, even though they're typically less affluent than our average students. In addition, we have many students with inadequate pre-calculus preparation, yet an increasing number of students are bypassing our calculus curriculum by obtaining calculus credit in high school. (We feel strongly that high school calculus credits are not equivalent to our engineering-focused applied calculus courses.) As a result, each semester we observe noticeable gaps between students of different levels. These two factors have compelled us to reform the calculus curriculum at our school.
Many institutions offer students different flavors or concentrations of calculus. Notable examples are University of Michigan and MIT. Michigan's approach is fairly typical, in that different tracks serve students with different goals: some students are pursuing a major in mathematics, other students are from science majors, and still others just need to fulfill certain math requirements. MIT has three tracks for Calculus I and four tracks for Calculus II (which correspond to Single-variable Calculus I, II and Multivariable Calculus, respectively, at our institution). For example, their different flavors of Calculus II include a regular one, one with more focus on mathematical concepts, one "at a deeper level, emphasizing careful reasoning and understanding of proofs" [13] , and one offered in a different time frame over two semesters. To the contrary of University of Michigan, each of the MIT tracks gives access without restrictions to advanced courses and does not limit the student's academic path.
As part of the educational innovation initiatives in the engineering school of our institution, we proposed a Calculus redesign project tailored to our school and student population in an attempt to provide track structure to improve students' learning outcomes.
The primary purpose of the redesign
The goal of our redesign project involves creating three "Engineering Math" tracks for incoming engineering students, in which students in all tracks will complete a calculus sequence by the end of the first year. In addition, a Math Lab course will be introduced which addresses knowledge and skill gaps in non-calculus areas.
Core Engineering Math I and II
The Core Engineering Math track is for those students whose calculus background is weak or lacking. These students typically have taken Calculus I in high school but lack confidence in their skills and knowledge. They have traditionally taken our Single Variable Calculus I class in the first semester, and they have needed three semesters to complete the calculus sequence. Currently, Calculus I does not fulfill any of the graduation requirements, other than total number of credits, but is simply a prerequisite for Single Variable Calculus II. With the new Core Engineering Math track, students would take two semesters of calculus at four credits each. The core track begins with Single Variable Calculus I. By the end of the second semester, students will have completed multivariable calculus to an extent that is sufficient for moving on to more advanced classes. The core sequence will cover topics in a somewhat less rigorous or less challenging manner than the more advanced sequences. Pre-calculus topics and certain selected topics are to be diverted to the Math Lab course. The Core Engineering Math track provides the minimum necessary calculus foundation, but a strong foundation nonetheless.
Engineering Math I and II
This track is for those students who have a good calculus background, having successfully completed Single Variable Calculus I (AP AB) in high school. These students will complete a two-semester sequence that is similar to the current Single Variable Calculus II/ Multivariable Calculus sequence including the engineering applications that are currently included in that sequence.
Honors Engineering Math I and II
The Honors Engineering Math track is for the students with the strongest math background who would typically begin with Multivariable Calculus today. These students have successfully completed Single Variable Calculus II through an AP Calculus BC course (with a score of 5 on the AP exam) or through another college. In the Honors sequence, students will take two semesters of calculus in which the content will be enhanced to address common gaps in Calculus I and II skills, to cover Multivariable Calculus topics more thoroughly than possible in a singlesemester course, and to cover additional challenging topics and projects.
We call these courses Engineering Math I and II (Core, regular, and Honors) to highlight that these courses are customized for our school and institution and are not directly equivalent to typical Single Variable Calculus I or II or Multivariable Calculus courses.
We also plan to introduce a Math Lab course to first-year students in their first semester. The Math Lab will address the wide variability among our incoming students in their knowledge and skills in non-calculus areas. For example, topics like limits and determinants currently need to be reviewed in multiple courses. The Math Lab course will cover these topics in a self-paced environment. A module that includes a video lecture and practice worksheets will be offered for each topic. Modules may be completed throughout the semester, and students will be provided with several opportunities to complete the first semester Math Lab requirement by passing a comprehensive test. The most competent students will be able to pass the test and receive credit at the beginning of the semester. Since all students will need to demonstrate competency in these areas, time will be saved in other courses. These topics will no longer need to be reviewed multiple times in multiple courses.
The main features of the redesign
In an effort to carry out the ambitious plan of redesigning the calculus sequence into the form of three tracks, we started our first pilot course -Honors Engineering Math track in fall 2016. The major foci of this new track were: 1) To expose students to applied topics and real-world applications in Calculus that are needed in their future engineering courses [14] [15] [16] , 2) To increase student engagement by introducing more active-learning elements in the classroom [17] , and more importantly 3) To increase students' retention of knowledge so that they are better prepared to move forward for their advanced courses and their engineering career [18] .
How were students selected?
Students were eligible to take the course if they had obtained approved college credit for Single Variable Calculus II or if they had scored 5 on the Advanced Placement Calculus BC exam. In fall 2016, 26 first-year students were self-enrolled in this class.
How were common gaps identified?
During the early development of the course, we surveyed our Calculus instructors and certain topics were identified as the common gaps for first-year students. Given students' background in the honors engineering math track, the gaps were specified as the applied topics and skills that are usually skipped in high school calculus courses such as Newton's method, Simpson's rule, applications of Integration, etc. Thus a pre-assessment was created and given at the beginning of the first semester to determine students' prior knowledge of these topics. The same questions were also included as a post-assessment in the final exam of the first semester to measure the gains students had made after taking the class.
What was the course structure and what active learning strategies were used?
Our guiding principle for this course was to provide students with a variety of opportunities to explore and discuss mathematical ideas. To that end, the structure of the course involved implementing participation activities such as reading quizzes before class, group work during class, and projects after class throughout the semester.
Before class: students were asked to read the book or the class notes and to complete a reading quiz that was administered online so they had a basic idea of what was going to happen in class that day. The reading quiz typically consisted of five questions: four easy content questions and one short answer question. This last question asked students what, if anything from the texts, was not understood.
During class: Students were divided into groups of four and provided with a group worksheet. A typical day usually started with the starter problems on the worksheet or questions that were asked in their reading quizzes, which led to a mini-lecture and discussion for 20 to 25 minutes. After discussion as a whole, students then worked in groups on the middle and bigger goal problems that were left on the worksheet. The top priorities during class discussion and group work were 1) the development of thinking and conceptual understanding of the mathematics and 2) communication and justification of the thinking process. Thus think-pair-share and student presentations were frequently utilized to allow students to ask questions of their peers and gain better understanding of material through discussing.
After class: Weekly homework was assigned online through WebAssign. Students also worked in groups of four and completed three course projects outside of the classroom. We used The Comprehensive Assessment for Team-Member Effectiveness (CATME) to create customized teams for course projects so that students with a similar schedule were grouped together and diversity was taken into account as well.
Results
Our study subjects are first-year engineering students who enrolled in the Honors Engineering Math course in the fall 2016 semester. There were 26 students enrolled, of whom 6 were female and 20 were male. The textbook used for the course was Calculus, Early Transcendentals, 8e by Stewart. MATLAB was also incorporated in the course.
We were interested in investigating whether this class helped students fill in the identified common gaps and we also were interested in acquiring student's perceptions of what they thought about the course. Pre-Assessment and post-Assessment were used to measure the gains students made in their understanding of topics identified as common gaps. Three surveys were conducted during the first semester. Two of them used Student Assessment of Their Learning Gains (SALG), which is a web-based course evaluation tool that allows instructors to gather learning-focused feedback from students. SALG was conducted at the beginning and end of the first semester to take a snapshot of students' skills and attitudes before and after as well as to get students' feedback on the overall teaching and learning experience in this class. The other survey using Engaging Student's Perspective (ESP) was conducted at the mid-semester point. It was facilitated by a trained teaching consultant, who is a professor from the school of education at our institution. ESP asked students to reflect on what helped and hindered their learning, and additionally solicited their suggestions for improvement.
Question 1: Are the common gaps identified for advanced students being addressed by this course?
The five topics identified by the instructor team includes: Newton's Method, Integration Techniques (including partial fractions), Simpson's Rule, Applications of Integration, and Taylor series and Taylor polynomial applications. There were two topics that over 60% of students mentioned that they had little or no knowledge of; the two topics being Newton's Method and Simpson's Rule. Over 60% of students thought they knew a lot or a great deal about integration techniques and applications of integration. In the survey, this was indicated by the students' choice of "not at all", "a little", "somewhat", "a lot" or "a great deal" when questioned about their knowledge on these topics. All 26 students completed pre-and post-assessments. Aside from the topics that students were not acquainted with, they also scored low on the topics they thought they had a grasp on. The median for the pre-assessment scores was only 23%. When the post-assessment was given at the end of the semester, we observed a significant improvement from all students. The median score increased from 23% to 82%. The retention of the knowledge remains to be investigated as a follow-up study in a year or in a few years. Figure 1 shows the improvement 26 students made by comparing the pre-assessment scores versus the difference between post-and pre-assessment scores. Note that the first two students in the chart received zero on their pre-Assessment.
Figure 1 Question 2: What is the class impact on students' skills and attitudes?
Students were asked to rate what gains they made in their skills and attitudes as a result of their work in this class. Only 19 students out of 26 responded to the post-course survey. The following results (Table 1) are based on the 19 responses. Among 19 students, 18 of them indicated that they had a good or great gain in stretching their mathematical capacity as a result of work in this class; 17 students said they made a good or great gain in approaching problem-solving with a willingness to try multiple approaches and connecting key class ideas with other knowledge. Table 1 In the pre-course survey, students were also asked the same questions regarding their skills and attitudes. We observed that even if students rated high in some of their skills and attitudes at the beginning of the semester, most of them still felt that their skills improved to a great extent through their learning experiences from this class.
Question 3: How do students think about the course and the overall active learning approach in this class?
Students were asked to rate how much different aspects of the class helped their learning. When asked about the overall approach to teaching and learning in this course, 15 out of 19 students indicated it was much or great help for them (see figure 2). Table 2 Question 4: Does active learning increase student performance? Is there a significant difference between student performance in the redesigned sequence and in the traditional multivariable calculus course?
Figure 2
As an ongoing project, this question will be studied at the end of the spring 2017. Common questions will be given in the final exam to both students in traditional Multivariable Calculus course and students in this class so that we can measure whether the new course structure and the active-learning approach improve student performance significantly.
Discussion
This study only collected the preliminary data and results from the first semester of a twosemester course. The major limitation of the study was that the class size is fairly small to draw any significant conclusion, based on only one semester's student performances.
However, the sufficiently great improvement we observed from the post-assessment and students' positive feedback about the course are very encouraging. It was our hope that we created a safe and enjoyable environment for students to participate and learn in this class. One student responded to the questions on how the atmosphere in the classroom encouraged or During the mid-point of the semester, we conducted a survey (facilitated by a trained teaching consultant) to get students' feedback on how the class was unfolding from their perspective. In small groups, students answered the following questions: what most helps you learn in this course? What most impedes your learning? What suggestions for improvements do you have for the instructor and your peers? Each group generated feedback to these prompts. In lieu of waiting to get individual student opinions at the end of the semester, this survey gave us immediate feedback which was discussed and agreed by a majority of students. Table 3 We did receive mixed feedback about the pace of the course. When asked in the post-course survey whether they were happy with their decision to take this new course, 13 out of 19 students said yes. When asked whether they would recommend this course to other students, 10 gave a definite yes, 4 said maybe and 5 said no. Some students (who said no or maybe) felt that by taking a two-semester course, it put them at a time disadvantage compared to their peers who had taken the traditional one-semester Multivariable Calculus course, while others appreciated the depth approach of the course. It's worth noting that some students were attracted to and decided to take this course simply because they thought it sounded interesting, but were not exactly prepared for the amount of work and level of difficulty the course required. So, going forward, the marketing of this course will require some careful consideration in order to target the bestmatched students.
Among all 26 students, 22 of them scored 5 on BC and 4 of them took a dual enrollment course, thus receiving approved credit for Single Variable Calculus II and therefore, were eligible for this pilot course. Among the four students with dual enrollment, one took it in high school with a high school teacher. The other three took it in a college with a college teacher. It will be interesting to see whether there is any difference in terms of their preparedness and performance in the following studies.
What's next?
Currently, the second semester of the redesign is taking place. The structure of the course remains similar to the first semester. Several changes have been incorporated based on students' feedback such as: 1) reducing the group size from four to three. Students indicated that in larger groups if they are not part of the "main" line of thought, they could easily fall behind in the discussion; 2) adding a written homework component to help students strengthen their skills in communicating mathematics; 3) devoting one hour of class time every week for students to work on group projects in addition to the time spent outside of the class. In fall 2017, the honors track will be offered for the second time. Meanwhile, the core engineering math track will move into the implementation phase. We will continue inquiring into how the redesign impacts student learning. For example, how well will students do in the subsequent engineering courses? What skills and attitudes did they gain as a result of this class? Will they carry them into other classes or other aspects of their lives? If encouraging results are observed, we intend to put into action all three Engineering math tracks by the end of spring 2019.
